Abstract. The city of Ensenada, Baja California, has three wastewater treatment plants and is one of the few cities in Mexico that treats all the wastewater that it generates. The largest wastewater treatment plant, called El Naranjo, treats on average 316 liters per second and complies with even the most stringent Mexican standards although a stricter control has to be achieved in order to avoid environmental and health problems At the moment, only 2% of the treated wastewater is used for the irrigation of sports fields and public landscape. The reclaimed water could be reused for the irrigation of crops for non-human consumption or ornamental products and/or for aquifer recharge. For reuse practices, two facts must be considered: a) an important part of the valley's production is exported to the USA and b) 30% of the city of Ensenada's water supply is obtained from the Maneadero aquifer. There is currently no Mexican legislation to stipulate adequate standards for aquifer recharge and decisions should be based on legislation from other places. Therefore, at the moment there is still a lack of technical and scientific elements to be able to make the best decision about the reuse of the wastewater.
Introduction
The city of Ensenada is located in the Mexican state of Baja California. The weather is predominantly dry and non-extreme. The annual average temperature is 17°C and the average annual precipitation is 293 mm. Historically, rain is expected from January to March. However, due to the low rainfall, there is a precarious recharge of groundwater in the zone hence, most aquifers are overexploited. Water to Ensenada is supplied from 3 aquifers, namely: La Misión, Valle de Guadalupe and Maneadero. The aquifer of Maneadero has an extension of 130 km 2 . The recharge to Maneadero's aquifer has been calculated in 19 millions of m 3 per year (Mm 3 /y), with an extraction of 39 Mm 3 /y thus, resulting in an overexploitation of 20 Mm 3 /y (DESISA, 1999). However, it is possible to have extended periods of dry years in which the recharge is far less than expected. Currently, the aquifer supplies water to approximately 100,000 habitants, mostly from the city of Ensenada while the rest are located closer to the basin. The aquifer is also support to a productive agricultural valley with a surface area of 6,714 hectares that produces a great variety of crops, most of which are exported to the USA. Water extractions have grown continuously since 1981 causing deterioration in the water quality and saline intrusion (Daessle et al., in press ). More than 1,100 hectares of agricultural land have been deteriorated due to high levels of total dissolved solids (TDS) in the extracted water. Moreover, the city of Ensenada is growing at a rate of 3.7% (INEGI, 1997) . This has exerted a growing demand on the water supply and the need for short-term strategies for the efficient use of water and sustainability of the aquifer. In the year 2002, 34.4 Mm 3 of water were extracted from the aquifer, 71% used for agricultural activities, 25% for public and urban and a 4% for various uses. Therefore, in order to reduce extractions from the aquifer, it would be necessary to substitute white water with treated wastewater for agriculture.
Ensenada has the advantage of being one of the few cities in Mexico that treats all its wastewater. The city has three wastewater treatment plants treating on average 440 L/s that could be reused in several activities. All potable water distribution and wastewater recollection is undertaken by the public water utility called CESPE. The main wastewater treatment plant is called El Naranjo. Located at the southern part of the city it has a treatment capacity of 500 L/s, treating on average 316 L/s of municipal wastewater. The plant began operation in September 1999 and consists in two oxidation ditches working in parallel; each ditch has anoxic and aerobic sections. Compressed air is supplied via submerged plates. The treated wastewater is disinfected with chlorine gas and discharged to a nearby creek where it flows freely to the ocean. The El Naranjo wastewater treatment plant has a rapid multimedia (gravel and sand) filtration system that has not been operated yet. The purpose of the filters was to further increase the quality of the treated wastewater. Table 1 shows the maximum levels of contaminants in wastewater to be reused for several activities according to Mexican legislation (SEMARNAT, 1997 (SEMARNAT, , 1998 .
Mexican legislation stipulates that wastewater with <1,000 MPN/100 mL fecal coliform and <1 nematode eggs per liter is suitable for irrigation of any type of crop, including those for human consumption. Moreover, wastewater with 10 3 -10 5 MPN/100 mL fecal coliform and 1-5 eggs/L would be suitable for irrigation of crops that are not consumed raw. Data from the National Water Commission (CNA, 1998) highlights that in 1996 in Mexico approximately 188,000 hectares of agricultural land were irrigated with untreated or partially treated wastewater, benefiting directly more than 86,000 people.
Therefore, the purpose of this investigation was to evaluate the quality of the treated wastewater from the city of Ensenada for reuse in diverse activities. 1,000/100 ml M. A. 2,000/100 ml D. A. 240/100 ml 1,000/100 ml Nematode eggs (eggs/l)
A. Monthly average (minimum 2 grab samples; geometric mean for fecal coliforms); D. A. Daily average; N.A. Non applicable * Direct contact: where the general public is exposed directly or in physical contact. Examples: artificial lakes and reservoirs for boating, canoeing and water skiing, ornamental fountains, car washing, irrigation of parks and gardens † Indirect or occasional contact: where the general public is exposed only indirectly or by incidental physical contact and access is restricted by either physical barriers or security personnel. Examples: highway gardens, central boulevards, ornamental fountains, golf courses, hydrants for fire control, non-recreational artificial reservoirs, cemeteries ‡ Restricted irrigation: the use of wastewater for activities such as sowing, cultivation and harvest of agricultural products, except green vegetables and those that are consumed raw †Unrestricted irrigation: the use of wastewater for activities such as sowing, cultivation and harvest of agricultural products in unlimited form such as fodder, grains, fruits and vegetables
Methods
Wastewater samples from the effluent of El Naranjo wastewater treatment plant were collected on a weekly basis from SCFI-1999 (SCFI, 1999 . CESPE undertakes determination of total dissolved solids (TDS) on a daily basis. The data for TDS presented here goes from January 2001 to March 2002. TDS were analyzed with a portable conductivity meter HACH Sension5.
Results and discussion
Wastewater quality
As mentioned earlier, 71% of the water extracted from the aquifer is used for agricultural activities, 25% for public and urban and a 4% for various uses. Therefore, in order to decrease extraction it is evident that another source for water for irrigation has to be found. The present results have focused on the reuse of the treated wastewater for crop irrigation. In general, all three basic contaminants are adequately removed in the El Naranjo wastewater treatment system. It is evident that during its first year of operation, the plant presented some degree of fluctuation in its BOD until finally reaching stabilization. On the other hand, grease and oils concentration has increased during time. Sudden increases in contaminants are normally associated to rainfall. Ensenada does not have separated sewers for stormwater runoff so when it rains, the hydraulic loads to the wastewater treatment plants increase considerably thus, causing a decrease in the quality of the effluent. Table 2 presents basic statistics for the results and its degree of compliance with current Mexican legislation:
Therefore, the wastewater meets most of the time the Mexican criteria for reuse in agricultural irrigation and for activities with indirect contact to the public. In order to comply entirely with Mexican legislation, a series of actions have to be undertaken by CESPE and other governmental departments in charge enforcing environmental legislation (Table 3) .
The increase in grease and oils can be due to industrial activity in the city. Ensenada does not have heavy industry. However, being a sea port, the fisheries industry has traditionally been important. Unfortunately certain companies discharge untreated water from their processes to the sewer that feeds El Naranjo. CESPE owns the sewer but cannot take actions against the companies since the Department of Ecology (DE) is responsible for reinforcing the law. Therefore, a stronger collaboration between CESPE and DE has to be established.
Compliance with legislation
As mentioned earlier, most of the crop production from Maneadero is exported to California. Therefore, the product to be exported should meet criteria from its final destination. According to the type of treatment provided by El Naranjo, its effluent could fall into the categories denominated "disinfected secondary-2.2" or "disinfected secondary-23" by the California Code of Regulation (State of California, 2000) . This wastewater should not exceed 2.2 MPN/100 mL and 23 MPN/100 mL for Total Coliforms, respectively. Neither type of wastewater could be used for food crop irrigation, but drip or surface irrigation of fodder, fiber, seed, orchard and tree crops as well as commercially processed food is permitted. Thus, in order to meet Californian criteria, it should be necessary to monitor Total Coliforms levels in the wastewater. The following table (Table 4) provides a comparison between Mexican legislation and several international guidelines for wastewater reuse on irrigation.
It is evident that parameters such as residual chlorine, turbidity, setback distances, total coliforms, organic compounds, pH, salinity, specific ions like Na + and Cl -, nitrate, alkalinity and infiltration levels are not considered in Mexican legislation. However, salinity (TDS), residual chlorine and pH are monitored on a daily base in El Naranjo's effluent and they comply with international guidelines. Heavy metals have been sampled and analyzed every six months and they are below maximum levels permitted by Mexican legislation. As mentioned earlier, Ensenada does not have heavy or metallurgic industries so heavy metals are not much of a concern. Although the El Naranjo wastewater treatment plant was designed to achieve nitrification/denitrification, currently CESPE has not undertaken analysis of nutrients. Mexican legislation for wastewater discharges does not consider nutrients as a source of contamination to agricultural soils. More than 50% of the surface of the valley of Maneadero has wells pumping water that exceed 2,000 mg/l of total dissolved solids (TDS). An extensive area of the valley has been adversely affected by the high salinity of the water used for irrigation. The effluent from El Naranjo has a TDS content of approximately 1,340 mg/l. Therefore, the wastewater represents a source of water with less TDS content that the current water extracted from the aquifer. Due to the TDS concentration of the treated wastewater, it can be classified as "with slight to moderate degree of restriction on use" (Rowe and Abdel-Magid, 1995) . According to those authors water with TDS between 1,000 and 2,000 mg/l can have adverse effects on many crops thus requiring careful management practices. Maas (1986) highlights that agricultural products that could be produced with TDS levels like those in Maneadero would be barley, cotton, sugarbeet and wheat, forage crops such as wheat grass, Bermuda grass, sudan grass and rye grass, vegetables like asparagus, squash and beet, as well as date palms. In order to minimize health risks and avoid political problems as a result of the use of treated wastewater for irrigation of crops for human consumption, it has been suggested to use the wastewater for the irrigation of crops for non-human consumption or ornamental products.
Current tendency in Ensenada is to have an increase in the water demand for urban use and a decrease in agriculture use with the associated substitution of agricultural land with urban developments. Therefore, the total water demand will be constant, although the use of the extracted water will change. In September 2002 approximately 2% of the El Naranjo effluent started to be reused for irrigation of public gardens, sports fields and public landscape. The total investment by CESPE rose to approximately 3 million pesos ($300,000 US dollars). Although it has been considered a high investment for such a small volume of reused wastewater, CESPE's main goal was to convince public opinion that wastewater reuse is viable in Ensenada and that it has to be addressed immediately.
Future uses for the treated wastewater
In Mexico partially treated wastewater is being reused for irrigation of crops for human consumption (Downs et al., 2000; Jiménez et al., 2000) . It is contradictory that the highly treated wastewater from El Naranjo is being discharged to the ocean without any type of benefits. Apart from reuse in crop irrigation, other potential reuse for the wastewater would be the injection to the Maneadero aquifer in order to maintain a balance between extractions and recharge. Currently there is no Mexican legislation for aquifer recharge so in order for this project to succeed, it has to be very clear who will be responsible for the recharge, for the water quality requirements and for the security measures to guarantee compliance. Moreover, topographic and geochemistry studies of the aquifer have to be updated in order to allow for mathematical modeling and to determine the best option. Currently CESPE has a proposal for transporting the El Naranjo's effluent to Maneadero. Such proposal considers a 24 inch pipe to conduct the treated wastewater and 3 pressure wells to inject the wastewater to the aquifer. The proposal has a cost of $108 million pesos (approximately $11 million dollars). However, it appears that the tentative cost for this proposal is excessive as the El Naranjo plant had a building cost of roughly the same amount. Hence, the proposal has to be revised. The governmental agencies in charge of undertaking such an investment are not fully convinced to make such investment without the commitment from local farmers to fully accept and use the wastewater. This will be achievable only with the continuous collaborative work of governmental, non-governmental and academic organizations to promote the awareness of the long-term benefits of wastewater reuse.
Conclusions
The city of Ensenada produces approximately 316 L/s of highly treated wastewater that could be reused in agriculture irrigation. The treated wastewater complies entirely with Mexican legislation although a stricter monitor and control has to be achieved in order to avoid environmental and health problems. Aquifer recharge may also be a viable option for wastewater reuse but at the moment there is still a lack of technical and scientific elements to be able to take the best decision. It is necessary to continue to work closely and in collaboration with the three levels of government, NGOs and academic and scientific institutions in order to guarantee the correct and responsible reuse of wastewater in Ensenada.
